Abstract. This paper examines the dynamic and multi-level relationship between organization and innovation from three different but interdependent perspectives: a) the relationship between organizational structural forms and innovativeness; b) innovation as a process of organizational learning and knowledge creation; and c) organizational capacity for change and adaptation. It provides a critical review of the literature, focusing especially on the question of whether organizations can change and adapt to major discontinuous technological change and environmental shifts, or whether radical transformation in organizational forms occurs principally at the population level through the process of selection. This is discussed with reference to organizational ecology theories, the punctuated equilibrium model and theories of strategic adaptation and continuous change. The paper argues that organizational innovation may be a necessary pre-condition for technological innovation, and thus it is important to take greater account of the role of endogenous organizational forces such as capacity for learning, values, interests and power in shaping organizational transformation and technological change.
Introduction
Organizational creation is fundamental to the process of innovation [100] . Innovation constitutes part of the system that produces it. The system is itself 'organization' or 'organizing', to put it in Weick's term [107] . The ability of an organization to innovate is a pre-condition for the successful utilization of inventive resources and new technologies. Conversely, the introduction of new technology often presents complex opportunities and challenges for organizations, leading to changes in managerial practices and the emergence of new organizational forms. Organizational and technological innovations are intertwined. In [83] organizational changes are seen, alongside new products and processes, as well as new markets as factors of 'creative destruction'.
In a general sense, the term 'organizational innovation' refers to the creation or adoption of an idea or behaviour new to the organization [22, 25, 26] . The existing literature on organizational innovation is indeed very diverse and not well integrated into a coherent theoretical framework. The phenomenon of 'organizational innovation' is subject to different interpretations within the different strands of literature. The literature can be broadly classified into three different streams, each with a different focus and a set of different questions which it addresses. Organizational design theories focus predominantly on the link between structural forms and the propensity of an organization to innovate [15, 58, 69] .
The unit of analysis is the organization and the main research aim is to identify the structural characteristics of an innovative organization, or to determine the effects of organizational structural variables on product and process innovation.
This strand of literature has been most influential and well integrated into the literature on technological innovation [93] . Theories of organizational cognition and learning, by contrast, tend to focus on the micro-level process of how organizations develop new ideas for problem solving. They emphasise the cognitive foundations of organizational innovation which is seen to relate to the learning and organizational knowledge creation process [6, 72, 71] . This camp of research provides a micro-lens for understanding the capacity of organizations to create and exploit new knowledge necessary for innovative activities. A third strand of research concerns organizational change and adaptation, and the processes underlying the creation of new organizational forms. Its main focus is to understand whether organizations can overcome inertia and adapt in the face of radical environmental shifts and technological changes, and whether organizational change occurs principally at the population level through selection [42, 43, 81] . In this context, innovation is considered as a capacity to respond to changes in the external environment, and to influence and shape it [13, 19] .
While there are important empirical overlaps between these three different strands of research, they remain theoretically distinct. The separation of these research streams has prevented us from developing a clear view of 'organizational innovation', and of how its different dimensions are interrelated.
1 This chapter seeks to understand the interaction between organization and innovation from the three different but interdependent perspectives. Section 2 examines the relationship between organizational structures and innovation, drawing on 1 The term 'organizational innovation' is ambiguous. Some authors use it to refer to the broad meaning of 'innovation or innovative behaviour in organizations [88, 89] , or 'organizational adoption of innovations' [50, 25, 26] . Within these broad meanings, the dependent variable 'innovation' is defined to encompass a range of types, including new products or process technologies, new organizational arrangements or administrative systems. The main aim of these studies has been to identify a range of individual, organizational and environmental variables that affect an organization's propensity to adopt an innovation. Others use the term in a more restrictive way simply to refer to innovation in organizational arrangements [75] . Here the dependent variable is new organizational practices or organizational forms. Innovation may refer to the widespread adoption by organizational population of an organizational innovation, or merely some novel combination of organizational processes or structures not previously associated. There is a tendency for authors in this camp to equate organizational innovation to organizational change or development, assuming that change in itself is necessarily innovative, without making an explicit link between organizational change and technological innovation.
the various strands of work in organizational design theories. Section 3 looks at organizational innovation from the micro-level perspective of learning and organizational knowledge creation. It argues that organizations with different structural forms vary in their patterns of learning and knowledge creation, engendering different types of innovative capabilities. Section 4 discusses organizational adaptation and change, focusing on whether and how organizations can overcome inertia in the face of discontinuous technological changes and radical shifts in environmental conditions. The chapter concludes by discussing the limitations and gaps in the existing literatures, and the areas for future research.
Organizational Structure and Innovation
Conventional research on organizational innovativeness has explored the determinants of an organization's propensity to innovate. Although researchers have analysed the influence of individual, organizational and environmental variables [50, 8] , most of the research has focused on organizational structure [113] . Within the field of organizational design theories, there has been a long tradition of investigating the links between environment, structures and organizational performance. Several studies have shown how certain organizational structures facilitate the creation of new products and processes, especially in relation to fast changing environments. The work of micro-economists in the field of strategy also emphasises the superiority of certain organizational forms within particular types of business strategies and product markets [93] . More recently, there has been a significant shift in the focus of theoretical enquiry away from purely formal structures towards a greater interest in organizational processes, relationships and boundaries [75] . The growing influence of economic sociology and the introduction of 'network' concepts into the organizational design field denotes such a shift. The relationship between network structure and innovation is dealt with in [33] .
Contingency theories account for the diversity of organizational forms in different technological and task environments. They assume that as technology and product markets become more complex and uncertain, and task activities more heterogeneous and unpredictable, organizations will adopt more adaptive and flexible structures, and they will do so by moving away from bureaucratic to organic forms of organising. The underlying difficulties in achieving the 'match', however, are not addressed in this strand of research. Contingency theories neglect the possibility that the factors identified as most important in this theory are susceptible to different interpretations by organizational actors [24] , and ignores the influence of other factors such as managerial choice [18, 19] or institutional pressures [77] . These aspects will be discussed in Sections 3 and 4.
Contingency Theory:
Context, Structure and Organizational Innovativeness
The classical theory of organizational design was marked by a preoccupation with universal forms and the idea of 'one best way to organise'. The work in [106] on the bureaucracy and in [17] on the multidivisional form, was most influential.
The assumption of 'one best way' was, however, challenged by research carried out during the 1960s and 1970s under the rubric of contingency theory which explains the diversity of organizational forms and their variations with reference to the demands of context. Contingency theory argues that the most 'appropriate structure' for an organization is the one that best fits a given operating contingency, such as scale of operation [79, 9] , technology [116, 74] or environment [15, 58] . This strand of research and theory underpins our understanding of the relationships between the nature of the task and technological environments, structure and performance. However, only some of the studies deal specifically with the question of how structure is related to innovation.
The polar typologies introduced in [15] of 'mechanistic' and 'organic' organizations (see Box 1) demonstrate how the differences in technological and market environment, in terms of their rate of change and complexity, affect organizational structures and innovation management. The study found that firms could be grouped into one of the two main types: the former more rigid and hierarchical, suited to stable conditions; and the latter, a more fluid set of arrangements, adapting to conditions of rapid change and innovation. Neither type is inherently right or wrong, but the firm's environment is the contingency that prompts a structural response. Related is the work in [58] on principles of organizational differentiation and integration and how they adapt to different environmental conditions, including the market, technicaleconomic and the scientific sub-environments, of different industries. Whereas an organization is treated in [15] as an undifferentiated whole that is either mechanistic or organic, in [58] it is recognised that mechanistic and organic structures can coexist in different parts of the same organization owing to the different demands of the functional sub-environments. The work of these earlier authors had a profound impact on organizational theory and provided useful design guidelines for innovation management. The model in [15] remains highly relevant for our understanding of the contemporary challenges facing many organizations in their attempts to move away from the mechanistic towards the organic form of organizing, as innovation becomes more important and the pace of environmental change accelerates. The suggestion in [58] that mechanistic and organic structures can coexist is reflected in the contemporary debate about the importance of developing hybrid modes of organizations -'ambidextrous organizations' -one that is capable of coping with both evolutionary and revolutionary technological changes [97] . (See also Burns and Stalker set out to explore whether differences in the technological and market environments affect the structure and management processes in firms [15] . They investigated twenty manufacturing firms in depth, and classified environments into 'stable and predictable' and 'unstable and unpredictable'. They found that firms could be grouped into one of the two main types, mechanistic and organic forms, with management practices and structures that Burns and Stalker considered to be logical responses to environmental conditions.
The Mechanistic Organization has a more rigid structure and is typically found where the environment is stable and predictable. Its characteristics are: a) tasks required by the organization are broken down into specialised, functionally differentiated duties and individual tasks are pursued in an abstract way, that is more or less distinct from the organization as a whole; b) the precise definition of rights, obligations and technical methods is attached to roles, and these are translated into the responsibilities of a functional position, and there is a hierarchical structure of control, authority and communication; c) Knowledge of the whole organization is located exclusively at the top of the hierarchy, with greater importance and prestige being attached to internal and local knowledge, experience and skill rather than that which is general to the whole organization; d) a tendency for interactions between members of the organization to be vertical, i.e. between superior and subordinate.
The Organic Organization has a much more fluid set of arrangements and is an appropriate form to changing environmental conditions which require emergent and innovative responses. Its characteristics are: a) individuals contribute to the common task of the organization and there is continual adjustment and re-definition of individual tasks through interaction with others; b) the spread of commitment to the organization beyond any technical definition, a network structure of control authority and communication, and the direction of communication is lateral rather than vertical; c) knowledge may be located anywhere in the network, with this ad hoc location becoming the centre of authority and communication; d) importance and prestige attach to affiliations and expertise valid in industrial and technical and commercial milieu external to the firm.
Mechanistic and organic forms are polar types at the opposite ends of a continuum and, in some organizations, a mixture of both types could be found. Another important early contribution is the work in [69] where much of the work on organizational structure is synthesised and a series of archetypes are proposed that provide the basic structural configurations of firms operating in different environments. In line with contingency theory, it is argued that the successful organization designs its structure to match its situation. Moreover, it develops a logical configuration of the design parameters. In other words, effective structuring requires consistency of design parameters and contingency factors.
The 'configurational hypothesis' suggests that firms are likely to be dominated by one of the five pure archetypes identified by in [69] , each with different innova- The work of micro-economists in the field of strategy considers organizational structure as both cause and effect of managerial strategic choice in response to market opportunities. Organizational forms are constructed from the two variables of 'strategy' and 'structure'. The central argument is that certain organizational types or attributes are more likely to yield superior innovative performance in a given environment because they are more suited to reduce transaction costs and cope with alleged capital market failures. The multi-divisional, or M-form, for example, has emerged in response to increasing scale and complexity of enterprises and is associated with a strategy of diversification into related product and technological areas [17] . It can be an efficient innovator within certain specific product markets, but may be limited in its ability to develop new competencies.
The theory of 'the innovative enterprise' developed in [59] is rooted in the Chandlerian framework, inasmuch as it focuses on how strategy and structure determine the competitive advantage of the business enterprise. It also builds on the conceptualisation in [58] of organizational design problems as differentia- The links between firm strategy, structure and the nature of innovation are explained in [93] by specifying the underlying properties of technological innovation and then proposing a related set of organizational requirements of the innovation process. The framework suggests that both the formal (governance modes) and informal (cultures and values) structures, as well as firms' external networks, powerfully influence the rate and direction of their innovative activities. Based on four classes of variables including firm boundaries, internal formal structure, internal informal structure (culture), and external linkages, the author identifies four archetypal corporate governance modes: multiproduct integrated hierarchy, high-flex silicon valley type, virtual corporation and conglomerate.
The argument is that different organizational arrangements are suited to different types of competitive environments and differing types of innovation. In [93] the argument is illustrated by distinguishing between two main types of innovation, namely 'autonomous' and 'systemic' innovation, and matching them with different organizational structures. An autonomous innovation is one that can be introduced to the market without massive modification of related products and processes. An example is the introduction of power steering which did not initially require any significant alternatives to the design of cars or engines. This can often be advanced rapidly by smaller autonomous structures, such as 'virtual' firms, accomplishing necessary coordination through arm's-length arrangements in the open market. By contrast, the move to front-wheel drive required the complete redesign of many automobiles in the 1980s. This type of change is systemic innovation which favours integrated enterprises because it requires complex coordination amongst various subsystems, and hence is usually accomplished under one 'roof'. These propositions, however, have yet to be empirically verified [93] .
The work by micro-economists highlights the interaction between market and organizational factors in shaping innovative performance, although it devotes little attention to the internal dynamics and social processes within organizations.
Many of the empirical predictions within this literature on the relationship be-tween firm strategy and structure, and innovative performance have yet to be verified, and pose intriguing opportunities for future research.
3 Organizational Cognition, Learning and Innovation
The Cognitive Foundations of Organizational Innovation
The 'structural perspectives' discussed above treats innovation as an output of certain structural features, some organizational researchers regard innovation as 'a process of bringing new, problem-solving, ideas into use' [2, 49] . In [66] innovation is defined as 'nonroutine, significant, and discontinuous organizational change that embodies a new idea that is not consistent with the current concept of the organization's business'. This approach defines an innovative organization as one that is intelligent and creative [37, 115] , capable of learning effectively [84, 6] and creating new knowledge [72, 71] . It is argued in [21] that innovative out- The idea that organizations can think and act collectively, and serve as a repository of organised knowledge has stimulated much research on organizational learning and knowledge creation. This work has sought to understand how social interaction and group dynamics within organizations shape collective intelligence, learning and knowledge generation, and yields important insights into the micro-dynamics underpinning the innovative capability of organizations.
It has also examined how shared mental models or interpretive schemes affect organizational adaptiveness. On the positive side, some argue that shared interpretive schemes facilitate an organization's capacity to process and interpret information in a purposeful manner, promote organizational learning and collective problem solving and thus enhance its adaptive potential [32, 11] . Other studies suggest that organizational interpretive schemes can create 'blind spots' in organizational decision-making and block organizational change [85, 86] . The paradox seems to be that organizational cognition can be at once enabling and crippling, like two sides of the same coin.
Viewing organizational innovation from the cognitive perspective shifts our analysis from organizational structures and systems to the processes of orga-nizational learning and knowledge creation. The analysis below suggests that organizations with different structural forms vary in their patterns of learning and knowledge creation, giving rise to different types of innovative capabilities.
Organizational boundaries and the social context of learning influence an organization's cognitive vision and its capacity for radical change and innovation.
Organizational Learning and Knowledge Creation: Shared Context and Collective Learning
Innovation can be understood as a process of learning and knowledge creation through which new problems are defined and new knowledge is developed to solve them. Central to theories of organizational learning and knowledge creation is the question of how organizations translate individual insights and knowledge into collective knowledge and organizational capability. While some researchers argue that learning is essentially an individual activity [87, 38] , most theories of organizational learning stress the importance of collective knowledge as a source of organizational capability. Collective knowledge is the accumulated knowledge of the organization stored in its rules, procedures, routines and shared norms which guide the problem-solving activities and patterns of interaction among its members. Collective knowledge resembles the 'memory' or 'collective mind' of the organization [105] . It can either be a 'stock' of knowledge stored as hard data;
or represent knowledge in a state of 'flow' emerging from interaction. Collective knowledge exists between rather than within individuals. It can be more, or less than the sum of the individuals' knowledge, depending on the mechanisms that translate individual into collective knowledge [37] . Both individuals and organizations are learning entities. All learning activities, however, take place in a social context, and it is the nature and boundaries of the context that make a difference to learning outcomes.
Much of the literature on organizational learning points to the importance of social interaction, context and shared cognitive schemes for learning and knowledge creation [72, 6, 57, 11, 10] . This builds on the idea introduced in [76] that a large part of human knowledge is subjective and tacit, and cannot be easily codified and transmitted independent of the knowing subject. Hence its transfer requires social interaction and the development of shared understanding and common interpretive schemes.
Nonaka's theory of organizational knowledge creation is rooted in the idea that shared cognition and collective learning constitute the foundation of organizational knowledge creation [72, 71] . At the heart of the theory is the idea that tacit knowing constitutes the origin of all human knowledge, and organizational knowledge creation is a process of mobilising individual tacit knowledge and fostering its interaction with the explicit knowledge base of the firm. The author argues that knowledge needs a context to be created. He uses the Japanese word 'ba', which literally means 'place', to describe such a context. 'Ba' provides a shared social and mental space for the interpretation of information, interaction and emerging relationships that serves as a foundation for knowledge creation.
Participating in a 'ba' means transcending one's limited cognitive perspective or social boundary to engage in a dynamic process of knowledge sharing and creation. In a similar vein, the notion of 'community of practice' developed in the work in [57, 110, 11, 10] Many organizational and management researchers regard the firm as a critical social context where collective learning and knowledge creation takes place.
In [71] the authors talk about the 'knowledge creating company'. In [6] it is suggested that an organization is, at its root, a cognitive enterprise that learns and develops knowledge. 'Organizational knowledge' essentially refers to the shared cognitive schemes and distributed common understanding within the firm that facilitate knowledge sharing and transfer. It is similar to the concept presented in [70] of 'organizational routines': a kind of collective knowledge rooted in shared norms and beliefs that aids joint-problem solving and capable of supporting complex patterns of action in the absence of written rules. The notion of 'core competence' [78] implies that the learning and knowledge creation activities of firms tend to be cumulative and path-dependent. Firms tend to persist in what they do because learning and knowledge are embedded in social relationships, shared cognition and existing ways of doing things [52] . Several authors have analysed how collective learning in technology depends on firms' cumulative competences and evolves along specific trajectories [30, 73] . Thus, the shared context and social identity associated with strong group-level learning and knowledge accumulation processes may constrain the evolution of collective knowledge. suggested that sources of innovation often lie outside an organization [103, 64] .
External business alliances and network relationships, as well as using new personnel to graft new knowledge onto the existing learning systems, are important mechanisms for organizational learning and knowledge renewal in an environment characterised by rapid technological development and disruptive changes.
The 'dynamic capability' perspective argues that the long-term competitive performance of the firm lies in its ability to build and develop firm-specific capability and, simultaneously, to renew and re-configure its competences in response to an environment marked by 'creative destruction' [92] . Thus, a fundamental organizational challenge in innovation is not simply to maintain a static balance between exploitation and exploration, or stability and change, but a continuous need to balance and coordinate the two dynamically throughout the organization. The Japanese economy is characterised by a high level of cooperation and organizational integration. This occurs through extensive long-term collaboration between firms in business groups and networks. Additionally, integration within large firms is particularly strong. Japanese social institutions and employment practices foster the close involvement of shopfloor workers in the development of organizational capability. The successful state education system and large-company driven networks equip the majority of workers with a high level of skills that employers respect and so can rely on them to contribute usefully to innovation activities. The internal labour market system is characterised not only by long-term attachment but also by well-organised training and job rotation schemes. These practices promote continuous skills formation through learning-by-doing and systematic career progression [53, 54] . Hence, a strong organizational capacity to accumulate knowledge and learn incrementally. Over the past three decades, Japanese firms have gained international competitive advantage in those industries such as transport equipment, office machines, consumer electronics, electronic components for computing equipment and telecommunication hardware. The strength of Japan in these sectors stems from the capability of firms to develop highly flexible production systems through the close integration of shop-floor skills and experience, the tight linkages between R&D, production and marketing, and a unique innovation strategy based on continual modification and upgrading of existing components and products [114] . Conversely, organization-specific and pathdependent learning have constrained Japan's success in a number of leadingedge technological fields. Japan finds it harder to excel in sectors which do not exclusively rely on incremental upgrading of system components (e.g. aerospace; supercomputers) and those in which fast-paced radical innovation are crucial for success (e.g. pharmaceuticals and biotechnology). The humannetwork-based interaction and internal tacit knowledge transfer appear to be less effective in coordinating systems involving complex interactions among components. The organizational community model of learning limits the development of highly specialised scientific expertise, and makes it difficult to adopt radically new skills and knowledge needed for radical learning in emerging new technological fields.
The adhocracy is a organic and adaptive form of organization that is able to fuse professional experts with varied skills and knowledge into adhoc project teams for solving complex and often highly uncertain problems. Learning and knowledge creation in an adhocracy occurs within professional teams that often are composed of employees from different organizatons. Careers are usually structured around a series of discrete projects rather than advancing within an intra-firm hierarchy. The resulting project-based career system is rooted in a rel- Silicon Valley has been an enormously successful and dynamic region characterised by rapid innovation and commercalisation in the fast growing technological fields. The core industries of the region include microelectronics, semiconductors, computer networking, both hardware and software, and more recently biotechnology. Firms operating in these industries undergo frequent reconfiguration and realignment in order to survive in a constantly changing environment marked by incessant innovation. The availability of a large pool of professional experts with known reputations in particular fields enables firms to quickly reconstitute their knowledge and skill base in the course of their innovative endeavours. The rapid creation of new start-up firms focusing on novel innovative projects, and the ease with which project-based firms are able to assemble and reassemble their teams of highly-skilled scientists and engineers to engage in new innovative activities are central to the technological and organizational dynamism of the region. The high rate of labour mobility and extensive hiring and firing creates a permissive environment for entrepreneurial start-ups and flexible reconfiguration of project teams and knowledge sources. Labour mobility within the context of a region plays a critical role in the generation of professional networks and facilities the rapid transmission of evolving new knowledge, a large part of which may be tacit. Such a regionally based occupational labour market provides a stable social context and shared industrial culture needed to ensure the efficient transfer of tacit knowledge in an inter-firm career framework. The shared context and industry-specific values within the regional community ensure that tacit knowledge will not be wasted when one changes employers, and this gives the individual a positive incentive to engage in tacit 'know-how' learning [28] . A regionally-based labour market and networks of firms create a stable social structure to sustain collective learning and knowledge creation within and across firm boundaries. The creation of a wider social learning system amplifies the learning and innovative capability of the individual firms locating within the system. It provides an anchor of stability for fostering and sustaining the innovative capability of the adhocracy. Oticon, a Danish electronics producer, is one of the world market leaders in hearing aids. The company became world famous for radical organizational transformation in the early 1990s, and has been treated as an outstanding example of the innovative benefits that a radical project-based organization may generate [101] . The 'spaghetti organization', as it has come to be known, refers to a flat, loosely coupled project-based organization characterised by ambiguous job boundaries and extensive delegation of task and project responsibilities to autonomous teams. The adoption of the radical structure in 1990 represented a dramatic break from the traditional hierarchical, functional-based organization that the company had relied upon in the past.
The background to the implementation of the spaghetti organization was the loss of competitive advantage that Oticon increasingly realised during the 1980s. Although for decades the company had played a leading role in the hearing aids industry, at the end of the eighties its products largely depended on a mature and declining technology. The advent of digital technology had gradually led to a shift in the technological paradigm during the eighties and Oticon was losing ground to its major competitors. In 1990, the company underwent extensive restructuring in response to the crisis. The spaghetti organization was introduced aiming at developing a more creative and entrepreneurial organization. The radical reorganization had immediate and strong performance effects, resulting in a series of remarkable innovations during the 1990s. Despite this success, the spaghetti organization was partially abandoned from about 1996 and it was gradually superseded by a more stable, traditional matrix organization.
The study in [34] suggests that the Oticon spaghetti organization had encountered severe problems of coordination and knowledge sharing between projects because of the fluid and adhocratic nature of project assignments, and difficulties in ensuring employee commitments to projects. More notably, it is argued that the spaghetti organization, as an 'internal hybrid' (i.e. the infusion of elements of market autonomy and flexibility into a hierarchy), was inherently unstable partly because of the motivational problems caused by 'selective intervention'. Attempts by management selectively to intervene in project selection and coordination became increasingly at odds with the official rhetoric that stresses self-organization. The mounting frustration among employees eventually led to the retreat from the radical spaghetti organization.
Although the Oticon experiment is widely considered as a success story of organizational innovation, the partial retreat from the spaghetti organization illustrates the inherent difficulties of sustaining a complete adhocracy. 
The Social Embeddedness of Organizations and Their Innovative Capabilities
Although competitive pressures are felt by nearly all organizations in the advanced economies, the emergence and structure of new organizational forms are affected by their particular institutional contexts. A large literature contrasts the patterns of innovation and technological change in different countries and attributes these differences to national institutional frameworks and the ways in which they shape organizational forms and innovative competences [111, 112, 48] . The 'varieties of capitalism' framework, for example, makes a stylised contrast between coordinated (CME) and liberal market economies (LME), and highlights how differences in labour market organization, training systems, and societal norms and values governing business and economic relationships encourage firms to organize and coordinate their skills and knowledge resources differently to pursue distinctive innovation strategies [90, 41] .
Much of the work argues that 'coordinated market economies' such as Japan 
Organizational Change and Innovation
Organizational theories have long considered the ways in which organizations evolve and adapt to their environments, including the influence of technological change on the evolution of organizations [95] . A core debate concerns whether organizations can change and adapt to major discontinuous technological change and environmental shifts, or whether radical change in organizational forms occurs principally at the population level through the process of selection [62] .
This literature includes at least three broad views on the nature of organiza- The following sections examine the main arguments and relevance to our understanding of the relationships between organizational change and innovation.
Incremental / Evolutionary View of Organizational Change
Organization population ecologists [42, 42] argue that individual organizations seldom succeed in making radical changes in strategy and structure in the face of environmental turbulence because they are subject to strong inertial forces.
Such forces are inherent in the established structures of the organization which represent relatively fixed repertoires of highly reproducible routines. While giving organizations reliability and stability, these routines also make them resistant to change. As a result, organizations respond relatively slowly to threats and opportunities in the environment. Organizational ecology theories posit that adaptation of organizational structures within an industry occur principally at the population level, with new organizations replacing the old ones that fail to adapt.
The institutional perspective on organizations also emphasises the stability and persistence of organizational forms in a given population or field of organizations [29, 117] . A major source of resistance to change arises from the normative embeddedness of an organization within its institutional context. Organizations are socially defined and operate within a web of values, norms, rules and beliefs and taken-for-granted assumptions that they represent values, interests and cognitive schemas of organizational and institutional actors which are hard to change [46] . In this view, organizational change consists largely of constant reproduction and reinforcing of existing modes of thought and organization [39] .
In other words, organizational change is usually convergent change that occurs within the parameter of an existing archetype, rather than revolutionary change which involves moving from one archetype to another. 
Punctuated Equilibrium and Discontinuous Organizational Transformation
In contrast, the punctuated equilibrium model proposes that organizations are capable of initiating revolutionary structural change during periods of environmental turbulence. It depicts organizations as evolving through relatively long periods of stability (equilibrium periods) in their basic patterns of activity that are punctuated by relatively short bursts of fundamental change (revolutionary periods) [36, 81] . It argues that organizations will typically accomplish fundamental transformations in short, discontinuous bursts of change involving most or all key domains of organizational activity. These include changes in strategy, structure, power distribution and control systems. Punctuated equilibrium theorists argue that the common state of organizations is one of stability and inertia, and as a result, these 'revolutionary periods' provide rare opportunities for organizations to break the grip of structural and cultural inertia. In this view, organizations are most likely to introduce radical changes in times of performance crisis or when they are confronted with disruptive environmental conditions such as radical competence destroying new technologies [3] . A number of empirical studies based on company histories [99, 81] show that in many organizations fundamental organizational transformations occur according to the patterns predicted by the punctuated model. Other studies [68, 102] show that organizations that were able to drastically transform themselves perform better than those that changed incrementally. However, most of the empirical evidence supporting the radical transformative mode of organizational change was based on retrospective archival studies of surviving companies. This approach does not permit analysis of the dynamics of the change process, and fails to account for unsuccessful transitions.
The punctuated model also suggests that the underlying dynamics of technological change influence patterns of organizational evolution. This argument builds on the technology cycle model developed in [3] which proposes that technological progress is characterised by relatively long periods of incremental, competence-enhancing innovation devoted to elaboration and improvement in dominant design. These periods of increasing consolidation and organizational alignment are punctuated by radical, competence-destroying technological discontinuities which pose fundamental challenges and strategic opportunities for organizations. The implication of the technology cycle concept is that the competitive environment repeatedly changes over time, and successful organizations accordingly have to initiate periodic discontinuous or revolutionary change to accommodate changing environmental conditions. A fundamental challenge fac-ing organizations is to develop diverse competences and capabilities to shape and deal with the technology cycle. It is argued in [97, 98] that firms operating in the turbulent technological environment need to become 'ambidextrous', that is, capable of simultaneously pursuing both incremental and discontinuous technological changes 4 .
The punctuated model provides important insights into patterns of organizational evolution and their relationship to the underlying dynamics of technological change, but it is largely descriptive. This model assumes that new organizational forms would emerge during periods of radical, discontinuous change; but fails to address the crucial question of how organizational actors create new forms during the revolutionary period. The model also does not address the longterm prospects for survival of the new organizational forms that emerge during the revolutionary period.
Strategic Adaptation and Continuous Change
Theories of strategic organizational adaptation and change focus on the role of managerial action and strategic choice in shaping organizational change [18, 19, 13] . They view the evolution of organizations as a product of actor's decisions 4 According to the work in [97, 98] , ambidextrous organizations are ones that can sustain their competitive advantage by operating in multiple modes simultaneously -managing for short-term efficiency by emphasizing stability and control, and for long-term innovation by taking risks. Organizations that operate in this way develop multiple, internally inconsistent architectures, competences and cultures, with built-in capabilities for efficiency, consistency and reliability on the one hand, and experimentation and improvisation on the other. and learning, rather than the outcome of a passive environmental selection process. Organizational agents are seen as enjoying a kind of 'bounded autonomy'.
According to the work in [19] , organizational action is bounded by the cognitive, material and relational structures internal and external to the organization, but at the same time it impacts upon those structures. Organizational actors, through their actions and 'enactment' [107] , are capable of redefining and modifying structures in ways that will open up new possibilities for future action. As such, the strategic choice perspective projects the possibility of creativity and innovative change within the organization.
Many strategic adaptation theorists view organizational change as a continuous process encompassing the paradoxical forces of continuity and change, rather than an abrupt, discontinuous, episodic event described by the punctuated equilibrium model. Continuity maintains a sense of identity for organizational learning [109, 51] , and provides political legitimacy and increase the acceptability of change among those who have to live with it [20] . The study of Intel corporation in [14, 13] illustrates how the company successfully evolved from a memory to a microprocessor company by combining the twin elements of continuity and change for strategic renewal. Burgleman argues that consistently successful organizations use a combination of 'induced' and 'autonomous' processes in strategy making to bring about organizational renewal. According to the author, the induced process develops initiatives that are within the scope of the organizations current strategy and build on existing organizational learning (i.e. continuity). In contrast, the autonomous process concerns initiatives that emerge outside of the organization and provide the opportunities for new organizational learning (i.e. change). These twin processes are considered vital for successful organizational transformation. In a similar vein, it is noted in [12] that continuous organizational change for rapid product innovation is becom-ing a crucial capability for firms operating in high-velocity industries with short product cycles. Based on detailed case studies of multi-product innovations in six firms in the computer industry, the authors conclude that continuous change and product innovations are supported by organizational structures that can be described as 'semi-structures', a combination of 'mechanistic' and 'organic'
features, that balance order and chaos. More notably, the authors identify 'links in time' that force simultaneous attention and linkages among past, present and future projects as essential to change processes. The key argument is that links in time create the direction, continuity and tempo of change to support fast pace adaptation in an uncertain and volatile environment.
Most strategic adaptation theories assume that organizational adaptation can occur through incremental and frequent shifts, and that new organizational forms and discontinuous transformation can be brought about by such processes.
This strand of research highlights the importance of firm-level adaptation and internal organizational processes in the creation of new organizational forms.
Once again, however, most studies of strategic adaptation present retrospective studies of successful organizational adaptation. They tend to focus on organizational restructuring and transformation within prevailing organizational forms and are not specifically concerned with the creation of new organizational forms [62] . We remain in need of a theory to account for how and under what conditions managerial action and organizational learning is connected to the emergence of new organizational forms.
Conclusion
The relationship between organization and innovation is complex, dynamic and This large literature has advanced our understanding of the effects of organizational structure on the ability of organizations to learn, create knowledge and generate technological innovation. We know relatively less, however, about how internal organizational dynamics and actor learning interact with technological and environmental forces to shape organizational evolution. It remains unclear
how and under what conditions organizations shift from one structural archetype to another, and the role of technological innovation in driving the process of organizational change is also obscure. Progress in these areas will require greater efforts to bridge the different levels of analysis and multidisciplinary research to add insight and depth beyond one narrow perspective.
At present, research on organizational change and adaptation is fragmented:
the different levels of analysis are disconnected and often rooted in different theoretical paradigms that use different research methods. While ecology and evolutionary theorists have sought to understand the dynamic relationship between innovation and organizational evolution at the population or industry levels using retrospective historical data, organizational and management researchers tend to examine the process of adaptation at the level of individual organizations, mostly based on cross-sectional case studies. The former is rooted in a structuralist deterministic paradigm whereas the latter takes into account actor choice and intentionality. The disconnection between these two different levels of analysis has meant that we continue to treat selection and adaptation as two separate processes in organizational evolution, whereas in reality new forms of organization emerge from the dynamic interaction between the two processes [62] . The biggest challenge for researchers is to bridge the wide gulf between ecology/evolutionary theories which deal with organizational evolution and external forces of change, as contrasted with strategic choice and learning theories that focus on actor choice, interpretation and group dynamics within organizations.
A useful avenue for future research would consider how organizational choice and evolutionary processes interact to facilitate organizational change and innovation. This will require longitudinal research on organizational adaptation in 'real time', as distinct from retrospective historical case studies [63] .
Another factor that inhibits major theoretical progress in the field is the failure of researchers in the fields of innovation and organizational studies to Another promising direction for future research recognizes that organizational innovation may be a necessary precondition for technological innovation, rather than treating this process uniformly as a response to external forces, and focuses on the processes of internal organizational reform and transformation that are necessary to create such preconditions. This requires that scholars take greater account of the role of endogenous organizational forces such as capac-ity for learning, values, interests and power in shaping organizational evolution and technological change. This is an area where organization and management researchers could make a significant contribution by placing a greater emphasis on rigorous empirical research and theory building. 
